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(54) SURFACE ACOUSTIC WAVE FILTER 

(57) The present invention relates to a surface 
acoustic wave (SAW) filter which is used for cellular 
phones and other mobile communication equipment. 
The object of the present invention is to realize a SAW 
filter of which attenuation characteristics and pass char- 
acteristics can be set arbitrarily. The SAW filter of the 
present invention comprises comb-shaped electrodes 
facing each other disposed on the same piezoelectric 
substrate, at least two resonators with an Input and out- 
put terminals, and an equivalent transmission line which 
is connected between an output terminal of a first reso- 
nator and an input terminal of a second resonator. The 
phase of the transmission line can be adjusted from 5 
degrees to 175 degrees arbitrarily at the series reso- 
nance frequency of the resonators. This structure real- 
izes a band-stop filter or a band-pass fitter whose 
attenuation characteristics and pass characteristics can 
be set arbitrarily. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a surface 
acoustic wave filter which is used for cellular phones 
and other mobile connnnunicatlon equipment. 

BACKGROUND OF THE INVENTION 

[0002] FIG. 1 0 shows a circuit diagram of a conven- 
tional SAW (surface acoustic wave) filter. FIG. 1 0 shows 
SAW resonant elements 101, 102, and 103 which are 
disposed on a piezoelectric substrate, and input termi- 
nal 104 and output terminal 105. Here, three resonators 
configure a band-stop filter. 

[0003] FIG. 1 1 shows characteristics of the band- 
stop filter configured by three resonators which are dis- 
posed on a piezoelectric substrate made of LiTaOS (lith- 
ium tantalate) using conventional circuit structure. FIG. 
12 shows an equivalent circuit diagram of the SAW res- 
onant element shown in FIG. 10. In FIG. 12, reference 
number 111 is a parallel capacitor CO, reference 
number 1 12 an equivalent series Inductor LI , reference 
number 1 13 an equivalent series capacitor C1 , and ref- 
erence number 1 14 an equivalent series resistor R1 . 
[0004] But the materia) property of the piezoelectric 
substrate shown in FIG. 12 mentioned above deter- 
mines a physical constant , or capacitance ratio 
Tj = CO / CI . A series resonance frequency Fs and a 
parallel resonance frequency Fp of a SAW resonator 
element (for UTaOS, t| = about 1 3) are 

Fs= 1/(27c(L1xC1)°-^) 

Fp = 1/(2n(L1xC1xC2/(C1+C2))°'^) 

respectively. Therefore, because capacitors CI and C2 
share a relation determined by the capacitance ratio ii, 
a frequency separation between the series resonance 
frequency and the parallel resonance frequency of the 
SAW resonant element as electrical characteristics can 
not be set arbitrarily. As a result, the attenuation charac- 
teristics and the pass characteristics — both are the 
important filter characteristics — also have a limitation as 
shown in FIG. 11. 

DISCLOSURE OF THE INVENTION 

[0005] An object of the present Invention is to attain 
a SAW filter which can set attenuation characteristics 
and pass characteristics arbitrarily. 
[0006] In order to attain the object, the SAW filter of 
the present invention comprises comb-shaped elec- 
trodes facing each other disposed on the same piezoe- 
lectric substrate, at least two resonators with an input 
and output terminals, and an equivalent transmission 
line which is connected between an output terminal of 



the first resonator and an input terminal of a second res- 
onator. The phase of the transmission line can be 
adjusted from 5 degrees to 1 75 degrees arbitrarily at the 
series resonance frequency of the resonators. 
5 [OOOTn The band-stop filter or the band-pass filter 
based on the present Invention can set the attenuation 
characteristics and the pass characteristics arbitrarily. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 

[0008] 

FIG. 1 shows a circuit diagram of a SAW filter in 
accordance with a first exemplary embodiment of 
15 the present invention. 

FIG. 2 shows electrical characteristics of the same 
filter. 

FIG. 3 shows a circuit diagram of a SAW filter in 
accordance with a second exemplary embodiment 
20 of the present invention. 

FIG. 4 shows electrical characteristics of the same 
filter. 

FIG. 5 shows a circuit diagram of a SAW filter in 
accordance with a third exemplary embodiment of 
25 the present invention. 

FIG. 6 shows electrical characteristics of the same 
filter. 

FIG. 7 shows a circuit diagram of a SAW filter in 
accordance with a fourth exemplary embodiment of 
30 the present invention. 

FIG. 8 shows electrical characteristics of the same 
filter. 

FIG. 9 shows an exploded isometric drawing of 
blocks of a SAW filter, in accordance with a fifth 
35 exemplary embodiment of the present invention. 

FIG. 10 shows a' circuit diagram of a conventional 
SAW filter. 

FIG. 1 1 shows electrical characteristics of the con- 
ventional filter. 

40 FIG. 12 shows an equivalent circuit diagram of the 
conventional SAW fitter. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

45 [0009] A surface acoustic wave (SAW) filter of the 
present Invention comprises, at least two resonators 
each having comb-shaped electrodes facing each other 
disposed on the same piezoelectric substrate an input 
terminal, output terminal, and an equivalent transmis- 

50 sion line connected between an output terminal of a first 
resonator and an input terminal of a second resonator, 
to form a band-stop filter. The phase of the transmission 
line can be adjusted from 5 degrees to 175 degrees 
arbitrarily at the series resonance frequency of the res- 

55 onators. As a result, the present invention allows the 
band-stop filter to be provided with fairly arbitrarily 
attenuation and pass characteristics. 
[0010] Preferably, a SAW filter of the present inven- 
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tion comprises at least two resonators, each having 
comb-shaped electrodes facing each other disposed on 
the same piezoelectric substrate, an input terminal and 
an output terminal, each output terminal of the resona- 
tors grounded, and an equivalent transmission line con- 
nected between input terminals of the resonators, to 
form a stop-band filter. The phase of the transmission 
line can be adjusted from 5 degrees to 175 degrees 
arbitrarily at the parallel resonance frequency of the res- 
onators. As a result, the present invention allows the 
stop-band filter to be provided with fairly arbitrarily 
attenuation and pass characteristics. 
[0011] . Still preferably, in a SAW filter of the present 
invention, an output terminal of a first resonator with 
comb-shaped electrodes facing each other disposed on 
the same piezoelectric substrate and with an input ter- 
minal and an output terminal is coupled to an input ter- 
minal of a second resonator with comb-shaped 
electrodes facing each other disposed on the piezoelec- 
tric substrate and with an input terminal and an output 
terminal, an output terminal of a third resonator with 
comb-shaped electrodes facing each other disposed on 
the piezoelectric substrate and with an input terminal 
and an output terminal is coupled to an input terminal of 
a forth resonator with comb-shaped electrodes facing 
each other disposed on the piezoelectric substrate and 
with an input terminal and an output terminal, and an 
equivalent transmission line is coupled between a node 
between the first resonator and the second resonator 
and a node between the third resonator and the fourth 
resonator, to form a passband filter. The phase of the 
transmission line can be adjusted from 5 degrees to 175 
degrees arbitrarily at the series resonance frequency of 
the first or third resonator or at the series resonance fre- 
quency of the second or fourth resonator. As a result, 
the present invention allows the band-pass filter to be 
provided with arbitrary attenuation and pass character- 
istics at a certain degree. 

[0012] Preferably, in a SAW filter of the present 
invention, an output terminal of a first resonator with 
comb-shaped electrodes facing each other disposed on 
the same piezoelectric substrate and with an input ter- 
minal and an output terminal is coupled to an input ter- 
minal of a second resonator with comb-shaped 
electrodes facing each other disposed on the piezoelec- 
tric substrate and with an input terminal and an output 
terminal, an output terminal of a third resonator with 
comb-shaped electrodes facing each other disposed on 
the piezoelectric substrate and with an input terminal 
and an output terminal is coupled to an input terminal of 
a forth resonator with comb-shaped electrodes facing 
each other disposed on the piezoelectric substrate and 
with an input terminal and an output terminal, and an 
equivalent transmission line is coupled between a node 
between the first resonator and the second resonator 
and an input terminal of the third resonator, to fomi a 
band-pass filter. The phase of the transmission line can 
be adjusted from 5 degrees to 175 degrees arbitrarily at 



the series resonance frequency of the first or third reso- 
nator or at the parallel resonance frequency of the sec- 
ond or fourth resonator. As a result, the present 
invention allows the pass-band filter to be provided with 
5 arbitrary attenuation and the pass characteristics at a 
certain degree. 

[0013] Preferably, the transmission line comprises 
n-type orT-type circuit connecting a capacitor in shunt- 
arm and an inductor In series-arm, to form a filter. As a 
10 result, the present invention allows the filter to reject 
undesired signal with a frequency higher than two times 
passband frequency. 

[0014] Preferably, the transmission line comprises 
7c-type or T-type circuit connecting an inductor In shunt- 
15 arm and a capacitor in series-amri, to form a filter. As a 
result, the present invention allows the filter to reject 
undesired signal with a frequency lower than a half 
passband frequency. 

[0015] Preferably, with two or more filter circuits 

20 connected in series, transmission lines of some of the 
filter circuits have 7i-type or T-type circuit connecting a 
capacitor in shunt-arm and an inductor in series-arm 
and the transmission lines of the other filter circuits have 
7c-type or T-type circuit connecting an inductor in shunt- 

25 arm and a capacitor in series-arm, to form a filter. As a 
result, the present invention allows the filter to reject 
undesired signal with a frequency higher than about two 
times the passband frequency and lower than about a 
half the passband frequency. 

30 [0016] Preferably, each of the transmission lines 
includes one of the following elements: a capacitor with 
an inductor coupled in series connected in the shunt- 
arm so as for the series combined impedance to be the 
same value in the passband; a capacitor with an induc- 

35 tor coupled in parallel connected in the series-arm so as 
for the parallel combined admittance to be the same 
value in the passband; a inductor with a capacitor cou- 
pled in series connected in the shunt-ann so as for the 
series combined impedance to be the same value in the 

40 passband; or an inductor with a capacitor coupled in 
parallel connected in the series-arm so as for the paral- 
lel combined admittance to be the same value in the 
passband, to form a filter. This structure allows the filter 
to have an attenuation pole outside the band and to 

45 remove undesired signals efficiently. 

[001 7] Preferably, a SAW filter of the present inven- 
tion comprises an equivalent transmission line config- 
ured in a muttilayered body of dielectric material with 
relative dielectric constant less than ten (1 0) to form a 

50 filter, wherein the multilayered body is used as a part of 
an airtight seal material for the piezoelectric substrate. 
As a result, the present invention allows the SAW filter 
to be small size and low cost. 

[0018] Preferably, the transmission line is made of 
55 silver or copper paste printed as main circuit material to 
form a filter. As a result, the present invention allows the 
SAW filter to have low loss. 
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(First Exemplary Embodiment) 



(Second Exemplary Embodiment) 



[001 9] FIG. 1 and FIG. 2 show a circuit diagram and 
electrical characteristics of a SAW filter respectively, in 
accordance with a first exemplary embodiment of the 
present Invention. FIG. 1 shows SAW resonant ele- 
ments 11, 12, 13 which are disposed on one piezoelec- 
tric substrate, transmission fines 14a, 14b, input 
terminal 16, and output terminal 17. 
[0020] The piezoelectric substrate in this embodi- 
ment is made of lithium tantalate. 
[0021 ] First, an operation of the circuit is described. 
SAW resonator 1 1 produces a series resonance at an 
attenuation frequency with zero ohms and a node 
between SAW resonator 1 1 and transmission line 14a is 
grounded. If an electric length of transmission line 14a 
is 90 degrees, an impedance measured from the oppo- 
site side (the side connected to SAW resonator 12) is 
open. 

[0022] On the other hand, a frequency at which 
SAW resonator 12 is set is about the same as that of 
SAW resonator 1 1 , so that an impedance at the node 
between SAW resonator 1 2 and transmission line 14a Is 
also a short. Therefore, there is a big difference 
between the two impedances of the both sides of the 
node between transmission line 1 4a and SAW resona- 
tor 12. When the impedances on both sides viewed 
from a point within a high frequency circuit share a com- 
plex conjugate relation, a matching condition is normally 
satisfied. But the more deviation from the relation or the 
more mismatching allows the circuit to generate the 
more attenuation as pass characteristics. Therefore, the 
sanie effect is expected from connecting a transmission 
line between two SAW resonators. 
[0023] In a real circuit, a relation between the 
impedances Is complicated, so that it is not enough to 
set only the phase at 90 degrees. Adjusting behavior of 
impedance exchanger by optimizing a characteristics 
impedance and an electric length of a transmission line 
operating as an impedance exchange element allows a 
filter to have high attenuation and low insertion loss. 
[0024] FIG. 2 shows that when the characteristic 
impedance and the line length for transmission fines 
14a and 15a are 50 ohms/68 degrees and 50 ohms/55 
degrees respectively in the circuit, the filter characteris- 
tics of the circuit is the loss 1 .9 dB and the attenuation 
33 dB in the passband. This means good characteris- 
tics. 

[0025] The filter of the present invention comprises 
transmission lines 14a, 15a and SAW resonators 11,12 
and 13 as an example. With the characteristics imped- 
ance and the electric length optimized, the transmission 
line operating as an impedance exchange element 
allows the filter to get good filter characteristics. The 
transmission line remarkably operates as an impedance 
exchange element in the electric length range from 5 to 
1 75 degrees, but does not operate at all at zero and 1 80 
degrees. 



[0026] FIG. 3 and FIG. 4 show a circuit diagram and 
electrical characteristics of a SAW filter respectively, in 

5 accordance with the second exemplary embodiment of 
the present invention. The figure shows circuit elements 
31 to 35 which operate in the electrically equivalent 
manner to transmission lines 14a and 15a explained in 
FIG. 1, wherein the circuit structure of the embodiment 

10 is a low-pass Tc-type filter connecting a capacitor in 
shunt-arm and an inductor in series-arm. 
[0027] FIG . 4 shows that the filter characteristics of 
the circuit is nearly as good as that of the first embodi- 
ment in the vicinity of the passband and larger attenua- 

15 tion than 40 dB in high frequency range. The reason is 
that finally the transmission lines of the present inven- 
tion are equivalently converted into five concentrated 
constant elements, and the frequency characteristics of 
the impedances of the concentrated constant elements 

20 gets attenuation characteristics in high frequency 
range. 

[0028] In this way, easy element modification, effi- 
dent development, and enhancing mass production 
yield for the filter are expected from the elements used 

25 in Ti-type connection for the transmission line, and in 
addition the elements allow the filter of the invention to 
have large attenuation characteristics especially in far 
high frequency range. The same effect is expected from 
a T-type circuit structure or a circuit structure of a high- 

30 pass T-type filter connecting an Inductor In shunt-arm 
and a capacitor in series-arm, and the circuit structures 
allow the filter of the invention to have large attenuation 
characteristics especially in far low frequency range. 

35 (Third Exemplary Embodiment) 

[0029] FIG. 5 and FIG, 6 show a circuit diagram and 
electrical characteristics of a SAW filter respectively, in 
accordance with the third exemplary embodiment of the 

40 present invention. The figure shows SAW resonant ele- 
ments 51 , 52, 53 which are disposed on one piezoelec- 
tric substrate, transmission lines 54, 55, input terminal 
16, and output temnina! 17. The piezoelectric substrate 
in this embodiment is lithium tantalate. 

45 [0030] FIG. 6 shows that when the characteristic 
impedance and the line length at the center frequency 
of the passband for transmission lines 54 and 55 are 66 
ohms/79 degrees and 38 ohms/142 respectively in the 
circuit the filter characteristics of the circuit is the loss 

50 2.7 dB, the attenuation 38 dB in thepassband. This 
means good characteristics. 

[0031] The filter of the present Invention comprises 
transmission lines 54, 55 and SAW resonators 51 to 53 
as an example. With the characteristic impedance and 
55 the electric length optimized, the transmission line oper- 
ating as an impedance exchange element allows the fil- 
ter to get good filter characteristics. The transmission 
line remarkably operates as an impedance exchange 
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element In the electric length range from 5 to 175 
degrees, but does not operate at all at zero and 180 
degrees. 

[0032] The filter of this embodiment is designed to 
set the series resonance point of the SAW resonators 
within the passband and the parallel resonance point of 
the SAW resonators within the attenuation band, so that 
the series resonance point of the SAW resonators must 
be lower than the parallel resonance point, therefore on 
the contrary to the first embodiment, the filter is espe- 
cially effective for a case that attenuation is mainly 
required in frequency range over the passband. 

(Fourth Exemplary Embodiment) 

[0033] FIG. 7 and FIG. 8 show a circuit diagram and 
electrical characteristics of a SAW filter respectively, in 
accordance with the fourth exemplary embodiment of 
the present invention. The figure shows SAW resonant 
elements 71 to 76 which are disposed on one piezoe- 
lectric substrate, transmission lines 77, 78, input termi- 
nal 16, and output terminal 17. The piezoelectric 
substrate in this embodiment is lithium tantalate. 
[0034] FIG. 8 shows that when the characteristics 
impedance and the line length at the center frequency 
of the passband for transmission lines 77 and 78 are 43 
ohms/1 02 degrees and 67 ohms/81 respectively in the 
circuit, the filter characteristics of the circuit Is the loss 
2.7 dB, the attenuation 35 dB in thepassband. This 
means good bandpass characteristics. 
[0035] The filter of the present invention comprises 
transmission lines 77, 78 and SAW resonator 71 to 76 
as an example. With the characteristic impedance and 
the electric length optimized, the transmission line oper- 
ating as an impedance exchange element allows the fil- 
ter to get good fitter characteristics. The transmission 
line remarkably operates as an impedance exchange 
element in the electric length range from 5 to 175 
degrees, but does not operate at all at zero and 180 
degrees. 

[0036] The design concept for the filter of this 
embodiment is for the filter to configure a resonator 
group formed in ladder-type e.g. SAW resonators 71 and 
72 as a unit and to get attenuation characteristics in fre- 
quency range under the passband with SAW resonators 

71, 73, and 75 and attenuation characteristics in fre- 
quency range over the passband with SAW resonators 

72, 74, and 76 

[0037] As described In the first and second exem- 
plary embodiments, the same effect Is expected from 
the filter using 7c-type or T-type equivalent circuit with 
capacitors and inductors for low-pass or high-pass char- 
acteristics. Then this embodiment allows the filter of the 
invention to have attenuation characteristics in a fre- 
quency range fairly far away from the passband. 
[0038] In addition, this embodiment configuring one 
of the transmission lines as a high-pass type and the- 
other as a low-pass type allows the filter to get charac- 



teristics combining broad band-pass filters and to reject 
undesired signal far from the band efficiently. Namely, 
this embodiment allows the filter of the present invention 
to get attenuation in a frequency range where SAW res- 
5 onators only by themselves cannot attain the attenua- 
tion, while some conventional configurations specially 
need other filters to attain the attenuation. But the con- 
figuration of the present invention does not need such 
filters. 

10 

(Fifth Exemplary Embodiment) 

[0039] FIG. 9 shows an exploded isometric drawing 
of blocks of a SAW filter, in accordance with the fifth 

15 exemplary embodiment of the present invention. The 
figure shows multilayered bodies 91 to 93 of dielectric 
sheets, piezoelectric substrate 94, transmission lines 
95aand 95b formed by printing on multilayered body 92, 
shield electrode 96 formed by printing the same way, 

20 and cap 97 covering piezoelectric substrate 94. 

[0040] Furthermore, this embodiment is a tangible 
form into which a circuit shown in FIG. 1 is put, where 
the SAW resonators formed on piezoelectric substrate 
94 and transmission lines 95a and 95b are connected 

25 each other by via holes 99. 

[0041] Designated values of characteristic imped- 
ance and electric length of transmission lines 95a and 
95b are attained by width of the lines and clearance 
from upper/under grounding electrodes, or thickness of 

30 dielectric sheets 91 and 92 and physical length of the 
printed material. 

[0042] The filter having a shield electrode disposed 
at the bottom makes the characteristic impedance stabi- 
lized. Therefore, it is better that the filter has the shield 

35 electrode so as well to reject an influence from some 
external element e.g. a pattern of a mother substrate. 
[0043] With dielectric sheets multilayered, the con- 
figuration described above allows a SAW filter to be 
more miniaturized and higher reliable. And for example, 

40 a filter for cellular phone is estimated a few millimeters 
long. If the filter has strip line type transmission lines of 
tri-plate structure with multilayered body about one mil- 
limeter wide and 0.1 millimeter thick and the character- 
istic impedance is about 50 ohms, appropriate value of 

45 relative dielectric constant for the multilayered body is 
less than about ten (10). The dielectric materials are for 
example aluminum oxide, foresterite, and glass 
ceramic. Using silver, copper, or metallic material 
Including high percentage of those metals allows the fil- 

50 ter to have low loss. 

INDUSTRIAL APPLICABILITY 

[0044] As mentioned above, the present invention 
55 configures a filter comprising transmission lines operat- 
ing as impedance exchange elements or bulk element 
circuits into which the transmission lines are equiva- 
lently converted and SAW resonators. Therefore, the fil- 
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ter attains large attenuation with a few stages. As a 
result, the present invention can configure a filter having 
band-stop or band-pass filter with large attenuation and 
low insertion loss characteristics. 

Reference numerals in the drawings 
[0045] 

11 to 13,51 to 53, 71 to 76 
SAW resonator 

14a, 15a, 14b, 15a, 54, 55, 77, 78 
Transmission line 

16 

Input terminal, 
17 

Output terminal 

91 to 93 
Dielectric sheet 

94 

Piezoelectric substrate 

95a, 95b 
Transmission line 

96 

Shield electrode 
97 

Sealing cap 
98 

Bonding wire 
99 

Via hole 
Claims 



1 . A surface acoustic wave (SAW) filter comprising: 45 

(a) at least two resonators, each having comb- 
shaped electrodes facing each other disposed 
on one piezoelectric substrate, an input termi- 
nal and an output terminal; so 

(b) an equivalent transmission line connected 
between an output terminal of a fist resonator 
and an input terminal of a second resonator, 
wherein phase of said equivalent transmission 
line can be adjusted from 5 degrees to 175 S5 
degrees arbitrarily at a series resonance fre- 
quency of said resonators. 



25 



30 



2. A surface acoustic wave fitter comprising: 

(a) at least two resonators, each having comb- 
shaped electrodes facing each other disposed 
on one piezoelectric substrate , an input tenmi- 
nal and an output terminal, wherein each out- 
put temninal of said resonators is grounded; 
and 

(b) an equivalent transmission line connected 
between the input terminals of said resonators, 
wherein phase of said equivalent transmission 
line can be adjusted from 5 degrees to 175 
degrees arbitrarily at the parallel resonance 
frequency of said resonators. 

3. A surface acoustic wave filter comprising: 

(a) a fist resonator with comb-shaped elec- 
trodes facing each other disposed on one pie- 
zoelectric substrate and with an input tenninal 
and an output terminal; 

(b) a second resonator with comb-shaped elec- 
trodes facing each other disposed on said pie- 
zoelectric substrate and with an input terminal 
and an output terminal; 

(c) a third resonator with comb-shaped elec- 
trodes facing each other disposed on said pie- 
zoelectric substrate and with an input tenminal 
and an output terminal; 

(d) a forth resonator with comb-shaped elec- 
trodes facing each other disposed on said pie- 
zoelectric substrate and with an input tenninal 
and an output terminal; and 

(e) an equivalent transmission line, wherein the 
phase of said equivalent transmission line can 
be adjusted from 5 degrees to 175 degrees 
arbitrarily at one of the series resonance fre- 
quency of one of said first and third resonator 
and the parallel resonance frequency of one of 
said second and fourth resonator, 

wherein the output tenninal of said first resona- 
tor and the input terminal of said second reso- 
nator are coupled, the output terminal of said 
third resonator and the output terminal of said 
fourth resonator are coupled, and said equiva- 
lent transmission line is coupled between a 
node between said first resonator and said sec- 
ond resonator and a node between said third 
resonator and said fourth resonator. 

4. A surface acoustic wave filter comprising: 

(a) a first resonator with comb-shaped elec- 
trodes facing each other disposed on one pie- 
zoelectric substrate and with an input terminal 
and an output terminal; 

(b) a second resonator with comb-shaped elec- 
trodes facing each other disposed on said pie- 
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zoelectric substrate and with an input tenninai 
and an output tenninai; 

(c) a third resonator with comb-shaped elec- 
trodes facing each other disposed on said pie- 
zoelectric substrate and with an input terminal 
and an output terminal; 

(d) a forth resonator with comb-shaped elec- 
trodes facing each other disposed on said pie- 
zoelectric substrate and with an input terminal 
and an output terminal; and 

(e) an equivalent transmission line, wherein the 
phase of said equivalent transmission line can 
be adjusted from 5 degrees to 175 degrees 
arbitrarily at one of the series resonance fre- 
quency of one of said first and third resonator 
and the series resonance frequency of one of 
said second and fourth resonator, 

wherein the output terminal of said first resona- 
tor and the Input terminal of said second reso- 
nator are coupled, the output terminal of said 
third resonator and the output terminal of said 
fourth resonator are coupled, and said equiva- 
lent transmission line Is coupled between a 
node between said first resonator and said sec- 
ond resonator and the input terminal of said 
third resonator. 

The SAW filter of claim 1 , wherein said transmis- 
sion line comprises one of 7i-type and T-type circuit 
connecting a capacitor in shunt-arm and an induc- 
tor in series-arm. 

The SAW filter of claim 1 , wherein said transmis- 
sion line comprises one of n-type and T-type circuit 
connecting an inductor in shunt-arm and a capaci- 
tor in series-arm. 



10 
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line comprises one of a capacitor with an inductor 
coupled in parallel connected in the series-arm so 
as for the parallel combined admittance to be a 
same value in the passband, and an inductor with a 
capacitor coupled in parallel connected in the 
series-arm so as for the parallel combined admit- 
tance to be a same value in the passband. 

10. The surface acoustic wave (SAW) filter of claim 1, 
wherein the transmission lines are disposed in a 
multilayered body of relative dielectric constant not 
more than ten (10), said multilayered body is used 
as a part of an airtight seal material for said piezoe- 
lectric substrate. 

11. The SAW filter of claim 1 , wherein transmission line 
is printed with one of silver paste and copper paste 
as main circuit material. 



20 Amended claims under Art. 19.1 PCT 

1. (Amended) A surface acoustic wave (SAW) filter 
for increasing attenuation in frequency close to a 
passband, comprising: 

25 

(a) at least two resonators, each having comb- 
shaped electrodes facing each other disposed 
on one piezoelectric substrate, an input termi- 
nal and an output terminal; and 

30 (b) an equivalent transmission line connected 

between an output terminal of a first resonator 
and an input terminal of a second resonator, 
wherein phase of said equivalent transmission 
line can be adjusted from 5 degrees to 175 

35 degrees arbitrarily at a series resonance fre- 

quency of said resonators. 



7. The SAW filter of claim 1 , wherein said SAW filters 
are connected in series, some of said SAW filters 
comprises equivalent transmission lines that have 
one of 7t-type circuit and T-type circuit connecting a 
capacitor in shunt-arm and an inductor in series- 
amn, the other of said SAW filters comprises equiv- 
alent transmission lines that have one of n-type cir- 
cuit and T-type circuit connecting an inductor in 
shunt-arm and a capacitor in series-arm. 

A detector of claim 1 . 

8. The SAW filter of claim 5, wherein the transmission 
line comprises one of a capacitor with an inductor 
coupled in series connected in the shunt-arm so as 
for the series combined impedance to be a same 
value in .the passband and an inductor with a 
capacitor coupled in series connected in the shunt- 
arm so as for the series combined impedance to be 
a same value in the passband. 

9. The SAW filter of claim 6, wherein the transmission 
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2. (Amended) A surface acoustic wave filter for 
increasing attenuation In frequency close to a pass- 
band, comprising: 

(a) at least two resonators, each having comb- 
shaped electrodes facing each other disposed 
on one piezoelectric substrate, an input tenni- 
nai and an output terminal, wherein each out- 
put terminal of said resonators Is grounded; 
and 

(b) an equivalent transmission line connected 
between the input terminals of said resonators, 
wherein phase of said equivalent transmission 
line can be adjusted from 5 degrees to 175 
degrees arbitrarily at the parallel resonance 
frequency of said resonators. 

3. (Amended) A surface acoustic wave filter for 
increasing attenuation in frequency close to a pass- 
band, comprising: 
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(a) a first resonator with comb-shaped elec- 
trodes facing each other disposed on one pie- 
zoelectric substrate and with an input terminal 
and an output terminal; 

(b) a second resonator with comb-shaped elec- s 
trodes facing each other disposed on said pie- 
zoelectric substrate and w'rth an input terminal 
and an output terminal; 

(c) a third resonator with comb -shaped elec- 
trodes facing each other disposed on said pie- io 
zoelectric substrate and with an input terminal 
and an output terminal; 

(d) a forth resonator with comb-shaped elec- 
trodes facing each other disposed on said pie- 
zoelectric substrate and with an input terminal is 
and an output terminal; and 

(e) an equivalent transmission line, wherein the 
phase of said equivalent transmission line can 
be adjusted from 5 degrees to 175 degrees 
arbitrarily at one of the series resonance fre- 20 
quency of one of said first and third resonators 
and the parallel resonance frequency of one of 
said second and fourth resonators, 

wherein the output terminal of said first resona- 
tor and the input terminal of said second reso- 25 
nator are coupled, the output terminal of said 
third resonator and the output ternninal of said 
fourth resonator are coupled, and said equiva- 
lent transmission line is coupled between a 
node between said first resonator and said sec- 30 
ond resonator and a node between said third 
resonator and said fourth resonator. 



and the series resonance frequency of one of 
said second and fourth resonator, 
wherein the output terminal of said first resona- 
tor and the input terminal of said second reso- 
nator are coupled, the output terminal of said 
third resonator and the output terminal of said 
fourth resonator are coupled, and said equiva- 
lent transmission line is coupled between a 
node between said first resonator and said sec- 
ond resonator and the input temiinal of said 
third resonator. 

5. The SAW filter of claim 1 , wherein said transmis- 
sion line comprises one of 7c-type and T-type circuit 
connecting a capacitor in shunt-arm and an induc- 
tor in series-arm. 

6. The SAW filter of claim 1 , wherein said transmis- 
sion line comprises one of ;r-type and T-type circuit 
connecting an inductor in shunt-arm and a capaci- 
tor in series-arm. 

7. (Amended) The SAW filter of claim 1 , wherein 
said SAW filters are connected in series, some of 
said SAW filters comprise equivalent transmission 
lines that have one of 7t-type circuit and T-type cir- 
cuit connecting a capacitor in shunt-arm and an 
inductor in series-arm, the other of said SAW filters 
comprise equivalent transmission lines that have 
one of 7i-type circuit and T-type circuit connecting 
an inductor in shunt-arm and a capacitor in series- 
arm. 



4. (Amended) A surface acoustic wave filter for 
increasing attenuation in frequency close to a pass- 35 
band, comprising: 



8. The SAW filter of claim 5, wherein the transmis- 
sion line comprises one of a capacitor with an 
inductor coupled in series connected in the 



(a) a first resonator with comb-shaped elec- 
trodes facing each other disposed on one pie- 
zoelectric substrate and with an input terminal 40 
and an output terminal; 

(b) a second resonator with comb-shaped elec- 
trodes facing each other disposed on said pie- 
zoelectric substrate and with an input terminal 
and an output terminal; 45 

(c) a third resonator with comb-shaped elec- 
trodes facing each other disposed on said pie- 
zoelectric substrate and with an input terminal 
and an output terminal; 

(d) a forth resonator with comb-shaped elec- so 
trodes facing each other disposed on said pie- 
zoelectric substrate and with an input terminal 
and an output terminal; and 

(e) an equivalent transmission line, wherein the 
phase of said equivalent transmission line can ss 
be adjusted from 5 degrees to 175 degrees 
arbitrarily at one of the series resonance fre- 
quency of one of said first and third resonator 
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FIG. 2A 
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FIG. 4A 
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FIG. 6A 
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FIG. 7 
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FIG. 9 
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FIG. 11A 
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